Radiation soft 64K Dynamic Random Access Memory (DRAM) were obtained and tested for their response to known exposures of alpha-particles, and protons from the n-proton reaction in a hydrogenous foil. The memory was obtained from production lots not normally usable because of their soft error rate. The experimental system and sensitivities are described. The projected use of the device as a neutron detector by the Navy is examined.
Introduction
The fact that Dynamic Random Access Memory (DRAM) is sensitive to ionizing radiation is well known.1 Its use as a particle detector has been proposed, and several devices were studied or are under study.2)3,4
As dynamic memory densities have increased, the resulting sensitivity to radiation emitted from the packaging materials of the chip has been overcome only by careful circuit design, the use of purer packaging materials, and protective coatings to shield the surface of the circuit. This report concerns only the response of a commercially obtained circuit to alpha and proton radiation. Although the circuit was obtained commercially, it was manufactured in an early production run with no protective coating, and is not normally available. A task related to the stated one, but not covered here, concerns the conversion of neutrons to produce alpha or other charged particles.
A "soft" error occurs in dynamic memory when a stored data pattern has an error which can be corrected by rewriting the original pattern. The radiation sensitivity of dynamic memory should be proportional to the intensity of incident radiation as measured by the "soft" error rate. When a particular binary value is stored in dynamic memory, the memory cell written to will be placed into either a stable or 
Electronic Systems Protection
The Navy has requirements for the protection of critical electronic systems from failure due to a high flux of ionizing radiation. One way to reduce permanent failure is to remove power from the system while it is exposed. In order to accomplish this, a detector must be capable of very fast response times.
A radiation soft dynamic memory might yield meaningful counts in tens or hundreds of microseconds. The nearest competitors to such a device are radiation sensitive diodes. However, these diodes would not compete with the dynamic memory on a cost per sensitive area basis.
The Experimental Apparatus
The 64K DRAM Controller Controlling the 64K DRAM is not a simple task.
Power, address, data, and control paths are provided on only 16 pins. Figure 1 Before this experiment was conducted, it was not anticipated that bit flips would occur in both directions. It was expected that either a stored zero or a stored one would place all the memory cells in an unstable or radiation sensitive state. When bit errors were encountered in both directions, the address locations of the bit flips were examined. It was found that in the first 256 locations of the memory space when a zero was stored initially, a random bit error was encountered in even locations. In the second 256 locations a random bit error occurred in odd locations. Conversely, when only ones were stored initially, random bit errors occurred at odd addresses of the first 256 locations and at even addresses for the second 256 locations. This pattern was then observed to repeat for each consecutive 512-bit block throughout the memory. However, exceptions in this pattern were observed. Approximately 3% of the random bit errors did not fit the pattern. All that was concluded from this experiment was that the circuit is 14.7% efficient for stored zeros and 9.9% efficient for stored ones with a probable combined efficiency for 5 MeV alphaparticles of approximately 24%. The pattern necessary to cause all the memory cells to be in a metastable or radiation sensitive state is complex. However, we must set the memory to this state to obtain maximum sensitivity.
The Proton Response Experiment
An experiment was conducted using a Pu-Be calibration source and a 0.98 mg/cm polyethylene window to generate protons. The experiment was conducted on a calibration range used for exposing neutron survey instruments. Figure 4 show-s the initial configuration. were made to determine background. Table 2 shows the results. The calibration range was available for limited use and longer exposures were not possible. The results are inconclusive. It appears that all the total errors counted were probably due to direct neutron or gamma interactions with the dynamic memory. The refresh rate used in this experiment was 6 times faster than necessary. Slower refresh rates may improve proton sensitivity.
I_

Summary
The mechanisms by which the 64K dynamic memory responds to incident ionizing radiation is not well understood. However, the circuit will detect alphaparticles of sufficient energy (5.49 MeV). The circuit did not respond to protons emitted from a hydrogenous foil exposed to a Pu-Be neutron source. It did show a small response which was attributed to direct neutron or gamma interaction. Future experiments using the dynamic memory at reduced refresh rates and voltages will be conducted to see if the response to protons can be improved. Still to be considered is the classical problem of relating the charged particle response of the possible new detector to the neutron dose equivalent. Methods for providing this relationship are being formulated. They include using the n-alpha reaction as an analog of the LiF TLD, and the N-proton reaction for detecting fast neutrons. When the response of the dynamic memory to these charged particles is well understood, experiments will be conducted to test these formulations.
